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INTRODUCTION 


During  World  War  II  great  loss  of  food  was  suffered 
through  non-acceptance  of  many  stored  food  products  by 
the  soldier  consumer.  This  brought  about  Increased 
research  efforts  for  Improvements  In  rrocedures  of 
preserving  foods.  The  method  of  preserving  poultry  by 
freezing  has  been  very  satisfactory  and  popular  within 
recent  years,  but  prolonged  storage  periods  and  poor 
storage  conditions  often  times  decreased  the  quality  of 
the  meat, 

Sehreiber,  Vail,  Conrad  and  Payne  (17)  and  Wagoner, 
Vail  and  Conrad  (18)  found  that  oxidative  rancidity  was 
the  main  cause  of  flavor  deterioration  in  frozen  poultry. 
According  to  Barnes,  Lundberg,  Hanson  and  Burr  (1), 
"There  are  two  basic  factors  of  Importance  governing  the 
resistance  of  natural  fats  to  rancidificatlon.  These  are 
(1)  the  composition  of  the  component  glycerides  and  (2) 
the  amoimt  and  nature  of  eiistim?  natural  antioxidants." 
Cruickshank  (5)  and  Hilditeh,  Jones  and  Rhead  (9)  have 
shown  that  the  degree  of  unsaturatlon  of  the  dietary  fat 
had  a  great  influence  on  the  character  of  the  depot  fats 
in  poultry.  It  is  agreed  generally  that  the  more  un- 
saturated dietary  faus  produce  unstable  body  fats, 
Cruickshank  (5)  showed  that  the  ingestion  of  the  un- 


saturated  fatty  acids  In  hempseed  produced  a  "marked  and 
rapid  Increas*  In  unsaturatlon"  of  the  mixed  fatty  acids 
of  the  depot  fats  In  fowl.  The  work  of  Schrelber,  et  al. 
(17)  has  shown  that  the  feeding  of  alfalfa  or  fish  oils 
decreased  the  storage  life  of  frozen  poultry. 

To  date,  efforts  to  find  natural  antioxidants  have  been 
unsuccessful.  Barnes,  et  al.  (1)  discovered  tocopherols, 
above  the  normal  dietary  amounts,  did  not  increase  the 
stability  of  rat  fat.   Overman  (15)  found  that  ascorbic 
acid  and  hydroqulnone  were  also  unsatisfactory.   The  results 
of  Kunmerow,  Hlte  and  Kloxin  (11)  seemed  to  Indicate  that 
it  may  be  possible  to  stabilize  tissue  fats  by  feeding 
ethanolamlne  or  choline.  These  data  did  not  Indicate  the 
exact  function  of  the  supplements.   However,  the  results 
sug!;ested  that  the  feeding  of  ethanolamlne  or  choline  may 
have  (1)  changed  the  proportion  of  various  fats  In  the  skin 
tissue  or  (2)  affected  the  fat  metabolism. 

Another  approach  to  the  problem  of  rancidity  in  frozen 
poultry  Is  the  study  of  the  composition  of  the  extracted  fats 
in  relation  to  their  stability  to  oxidation.   Until  recently, 
such  a  study  has  been  limited  by  the  methods  available  for 
determining  the  components  of  the  fats.  With  the  develop- 
ment of  speetrophotometric  methods  by  Mitchell,  Krayblll  and 
Zscheile  (13),  Bradley  and  Klehardson  Cf)  and  Beadle  and 
Krayblll  (2)  It  was  possible  to  determine  the  fatty  acid 
composition  of  poultry  fats.  Holnan  and  Elmer  (10)  found 


that,  "The  Increase  In  the  number  of  double  bonds  in  a  fatty 
acid  by  one  increases  the  rate  of  oxld'.tlon  of  the  fatty  acid 
or  Its  esters  by  at  least  a  factor  or  two."  The  fatty  acid 
composition  of  extracted  poultry  fat  might  therefore  be 
expected  to  reflect  the  stability  to  oxidative  rancidity  during 
cold  storage. 

In  the  present  study  of  rancidity  in  eviscerated  poultry, 
turkeys  were  used  Instead  of  chickens,   Observsitions  have 
shown  that  stored  turkeys  became  rancid  faster  than  chickens. 
This  difference  may  be  due  mainly  to  the  use  of  compounds  with 
more  unsaturated  fatty  acids  in  turkey  rations.   In  the 
present  work  dietary  fats  of  varying  degree  of  unsaturatlon 
were  added  to  the  basal  ration,   Hydrogenated  fat,  linseed 
oil  and  the  extr.'ict  of  alfalfa  leaf  meal  were  used  as 
dietary  sources  of  fat.   Groups  which  hid  been  fed  a  diet 
containing  these  fats  plus  ethanolamlne  and  choline  were 
compared  with  birds  which  had  received  the  fat-enriched  basal 
rations  to  which  no  supplements  had  been  added.  One  group 
was  retained  as  a  control  group  and  was  fed  only  the  basal 
ration,   Ethanolamlne  and  choline  also  were  added  to  the  diets 
of  turkeys  raised  on  a  regular  poultry  ration.   The  effects 
of  these  dietary  constituents  on  the  composition  of  the  body 
fats  and  on  the  storage  life  of  the  frozen  eviscerated  poultry 
were  studied. 


EXPERIMENTAL 

One-hundred  and  seventy-five  Broad-breasted  Bronze 
poults  of  the  Kansas  State  College  strain  were  used  for 
this  experiment.  The  poults  were  from  the  same  hatch  and 
were  started  on  the  two  basal  rations  shown  In  Tables  1  and 
2  when  they  were  one  day  old.   One-hundred  and  twenty-five 
poults  were  fed  ration  #1  and  the  remaining  50   were  fed 
ration  #2.  After  eight  weeks,  the  125^  poults  on  ration  #1 
were  divided  Into  nine  groups  and  fed  different  supplements. 
Each  group  was  kept  In  a  converted  brooder  house  and  sepa- 
rated from  the  others  by  a  wire  enclosure.  A  fenced  gravel 
runway  outside  each  enclosure  permitted  ready  access  to  sun- 
light and  fresh  air  for  all  the  turkeys. 

The  50  poults  on  ration  #2  were  divided  into  three  groups. 
A  control  was  fed  the  hasal  ration,  a  second  received  choline 
hydrochloride  and  the  third  received  neutralized  ethanolamine. 
These  birds  were  allowed  to  run  In  a  wire  enclosed  grass 
range  simulating  the  usual  f •  rra  practice.   The  various 
dietary  supplements  fed  to  the  turkeys  were  Incorporated  In 
the  rations.  Table  3.   The  birds  were  weighed  at  8,  12  and 
16  weeks  of  aRe,  Table  •+.   The  turkeys  In  groups  1  to  9, 
which  received  basal  ration  #1,  were  killed  at  22  weeks  of 
ai^e  and  dresr^ed  under  standardized  conditions,  according  to 
the  method  of  Wagoner,  Vail  and  Conrad  (18,19,20).  Those 
on  basal  ration  #2  were  killed  at  28  weeks  of  age.   Five 


birds  from  each  group  were  wrapped  In  '.'.:3.A,T.  cellophane  , 
tied  and  sealed  with  scotch  tape,  and  placed  In  cold  storat;e 
at  -13°C. 

The  remaining  birds  in  each  group  were  analyzed  Im- 
mediately to  determine  the  Influence  of  the  dietary  fats 
and  supplements  on  fat  metabolism.  The  turkeys  were  skinned 
and  a  representative  sample  used  for  extraction  of  fats. 
The  gizzards  of  all  the  birds  in  a  gro\:p  were  pooled  and 
extracted.  The  livers  of  all  turkeys  In  a  group  were  also 
combined.  The  fats  of  the  skin,  gizzard  and  liver  were 
extracted  according  to  a  modi f let tlon  of  the  Eloor  method 
(3),  These  fat  extracts  were  used  to  determine  the  fat 
content,  Induction  period,  iodine  value,  fatty  acid 
composition,  phospholipid  content,  percentage  of  phosphorus 
and  percentage  of  choline  as  described  under  experimental 
procedures. 

One  stored  turkey  from  each  group  was  analyzed  after 
k,   9,  and  12  months  of  storage.  The  skin  from  the  breast 
and  one  leg  was  removed  from  each  turkey  and  extracted 
with  ethylene  chloride  as  prescribed  by  Schreiber,  et  al, 
(17).  The  extracted  fat  was  analyzed  for  its  free  fatty 
acid  content,  peroxide  value  and  aldehyde  value.   One 
unsklnned  leg  from  each  turkey  was  used  for  organoleptic 
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tests.  These  methods  are  OTitlined  under  experimental 
procedures. 

EXPERIMENTAL  PROCEDURES 

Extraction  of  Fat  from  Tissue  with 
Acetone-Alcohol-Skellysolve  F 

The  skin,  gizzard  and  liver  tissues  were  weighed  and 
minced  Into  small  pieces.  The  skin  tissues  were  cut  with 
scissors  and  the  gizzard  and  liver  tissues  were  minced  by 
a  Waring  blender.  Approximately  100  g  of  tissue  was  placed 
in  a  2-llter  Erlenmeyer  flask  and  enough  acetone  added  to 
cover  it.  This  mixture  was  refluxed  on  a  steam  bath  for 
one  hour.  The  acetone  was  removed  by  filtering  through  a 
Buchner  funnel.  The  acetone  extraction  was  repeated  with 
fresh  acetone  and  the  two  acetone  extracts  were  corablned 
and  saved.  By  the  same  procedure,  the  tissue  residue  left 
after  the  acetone  extraction  was  refluxed  twice  with  95 
percent  ethyl  alcohol  and  then  t..lce  with  okellysolve  F, 

The  combined  alcohol  extracts  which  contained  most  of 
the  phospholipids  were  dried  by  shaking  with  anhydrous 
sodium  sulfate  and  then  filtered  Into  a  weighed  round- 
bottom  flask  and  the  alcohol  removed  under  vacuum. 

The  acetone  and  okellysolve  F  extracts  were  combined 
in  a  separatory  funnel  and  shaken.  The  lower  layer  was 
drawn  off  and  washed  several  times  with  fresh  Skellysolve 
F,  The  final  Skellysolve  F  washing  was  clear  and  only 


faintly  yellow.  The  Skellysolve  F  extracts  were  combined 
and  washed  three  times  with  an  equivalent  amount  of  dis- 
tilled water.  The  washings  were  done  carefully  as  emul- 
sions v.ere  easily  formed  and  were  difficult  to  break.  The 
Skellysolve  F  extracts  were  drieo  by  filtering  through 
anhydrous  sodium  sulfate. 

The  dried  Skellysolve  F  extract  was  then  poured  into 
the  weighed  round-bottom  flask  which  contained  the  alcohol- 
soluble  extracts.  The  solvent  was  removed  under  vacuum. 
Ihe  extracted  fats  were  cooled,  weighed,  and  taken  up  and 
diluted  to  a  voliMe  of  250  ml  with  Skollysolve  F.  Ihe  fat 
extracts  were  stored  at  -13°C.when  not  in  use.  Aliquots 
of  this  solution  were  used  for  all  other  tests,  Ihe  per- 
centage of  fat  was  determined  by  accurately  measuring  3  or 
5  ml  of  the  fat  extract  into  a  clean,  weighed  Iodine  flask. 
The  solvent  was  removed  under  vacuiim.  Upon  cooling  in  a 
vacuum  desiccator  the  flask  was  weighed  again.  The  weight 
of  fat  present  in  the  aliquot  was  used  to  calculate  the 
weight  of  the  total  fat  extracted.  The  percentage  of  fat 
in  the  tissue  was  calculated  by  the  following  equation! 

Percentage  crude  fat  extract  ■  weight  extract  x  100 

weight  tissue 

Iodine  ValueCSlf) 
An  aliquot  containing  approximately  0.1  g  of  fat  was 
carefully  pipetted  into  a  glass-stoppered  Iodine  flask. 
Most  of  the  solvent  was  evaporated  and  5  ml  of  chloroform 


and  exactly  15  ml  of  V.'ljs  solution  added.  The  flasks  were 
stoppered  and  placed  In  the  dark.  At  tha  end  of  one  hour, 
10  ml  of  15  percent  potassium  Iodide  solution  were  ad'ed 
and  mixed  thoroughly.  The  glass  stopper  an;  the  sides  of 
the  flask  were  washed  with  10  ml  of  distilled  water.  The 
sample  was  then  titrated  with  N/10  thlosulfate  solution  to 
a  faint  yellow.  A  few  drops  of  starch  solution  were  added 
and  the  mixture  shaken  v.ell  to  free  all  the  iodine,  and 
titrated  to  a  colorless  end  point.  Two  blank  determinations 
were  run  along  with  the  unknowns. 

Wljs  solutlon-Thlrteen  g  of  Iodine  was  dissolved  in  a 
liter  of  glacial  ncetlc  acid.  The  solution  was  heated 
until  all  the  Iodine  crystals  wore  dissolved.  Chlorine 
gas  was  bubbled  Into  the  solution  tintll  It  became  llf;ht 
brown  In  color.  The  titration  of  the  v.'ljs  solution  should 
be  double  the  titration  of  the  original  Iodine  solution 
when  titrated  with  N/10  thlosulfate  solution. 

Potassium  iodide  solution-Fifteen  g  of  potassium  Iodide 
was  dissolved  in  85  ml  of  distilled  water. 

S/IO  thlosulfate  solution-Twenty- four  and  el!;ht  tenths 
g  of  sodium  thlosulfate  w  s  dissolved  in  one  liter  of  dis- 
tilled water  and  the  exact  normality  determined  by  the 
following  procedure: 

Exactly  10  ml  of  N/10  potassium  dichroraate  was  measured 
into  an  iodine  flask  and  5  ml  of  concentrated  hydrochloric 
acid  added.   Ten  ml  of  a  15  percent  potassium  iodide  solution 


was  added  and  the  mixture  was  Immediately  titrated  to  a 
greenish  color  with  the  thlosulfate  solution.  Starch  indi- 
cator was  then  added  and  titration  continued  slowly  with 
occasional  shaking  until  the  solution  suddenly  tiu-ned  to  a 
clear,  bright  green. 

Ihe  formulas  used  in  calculating  iodine  values  were: 

Normality  factor  r  126.9  x   nornality  of  .Hchroaate  soln. 

nl  thlosulfr.te  used 

Iodine  value  s  norT"allty  factor  x  (blank  titration  -  sample) 

sample  weight 


Spectrophotometrlc  Analysis (2,');, I3) 
An  aliquot  containing  0.1  g  of  fat  was  pipetted  into 
a  marked  mi   weighed  ignition  tube.  The  exact  weight  of  the 
fat  was  determined  by  removing  the  solvent  in  a  vacuum 
oven  and  reweighlng  the  ignition  tubes.  Two  blanks  were 
determined  along  with  unknowns.  Exactly  h   ml  of  alkaline 
ethylene  glycol  was  added  to  the  Ignition  tubes.  The  tubes 
were  stoppered  with  plass  stoppers  and  nlaced  in  a  wire 
basket.   The  bosket  was  then  placed  In  an  oil  bath  and 
kept  In  It  at  l80°a  (^2°)  for  30   minutes.  Before  the  intro- 
duction of  the  bfisket,  the  oil  bfith  had  a  temperature  of 
about  200°  to  210°C.  so  that  the  cold  bpsket  did  not  cool 
the  oil  below  180°C. 

After  30  minutes  of  heating,  the  basket  wps  removed 
from  the  bath.  The  contents  of  the  tubes  were  transferred 
quantitatively  with  absolute  ethyl  alcohol  into  100-ml 


xu 


voliunetrlc  flasks.  Ihe  Ignition  tubes  were  washed  thorough- 
ly with  small  Portions  of  absolute  alcohol.  After  the 
volumetric  flasks  ..ere  made  up  to  volume  and  mixed  well, 
they  were  allowed  to  stand  In  a  cold  room  at  about  10°C, 
for  5  to  6  hours  or  overnight.  This  procedure  allowed  the 
silica  from  the  corrosive  action  of  potassium  hydroxide  on 
the  glass  to  precipltHte. 

When  warmed  to  room  temperature,  the  samples  were 
filtered  and  the  first  15  to  20  ml  .vhlch  might  contain 
some  foreign  substances  from  the  filter  paper  was  dis- 
carded. A  10-ml  aliquot  from  each  sample  was  transferred 
by  means  of  a  pipette  to  a  250-nl  volumetric  flask.  When 
made  up  to  volume  with  absolute  alcohol  and  mixed  well,  the 
samples  were  read  on  a  deckman  spectrophotometer  at  wave 
lengths  2320,  2620,  2630,  27I+O,  3100,  3160  and  3220  1 
against  a  blank  which  had  been  diluted  in  the  same  manner. 
Other  dilutions  could  be  used  but  the  readings  must  be 
between  0,2  and  0,3  current  density.  The  readings  were 
recorded  along  with  the  dilution. 

Alkaline  ethylene  glycol-Flfteen  g  of  potassium  hy- 
droxide was  ground  and  dissolved  In  I80  ml  of  ethylene 
glycol. 

Absolute  ethyl  alcohol-The  absolute  alcohol  could  be 
reused  after  distilling  with  a  small  amount  of  anhydrous 
calcium  chloride  and  zinc  dust. 
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The  formulas  used  for  calculatlrfi:  the  fatty  add  com- 
position were: 


<k2680  -  Sztoa+JS22kaI 


(k3l60  -  k^lOQ  ^^  k^220) 

wt,   sample  per   liter  2 

where  KgjaOj  ^2620'   ®*^°*   designated  the  spectrophotoinetrlc 

readings  of  the  fat  sample  at  that  iDartlcular  -.rave  length. 

Percentage  linolele  acid  s  I.I25K2  -  1.27Kj  +  O.Qifr 

Percentage  llnolenie  acid  a  I.87K3  -  't.'+3Ki+ 

Percentage  arachldonlc  acid  ■  V.'+3''V 

Percentage  oleic  acid  s  iodine  value  x   100  -  (181.5  x  % 

linolele  acid  -  273.''  x  i   llnolenie  acid  -  333.5  x  % 

arachldonlc  acld)/90 

Percentage  saturated  acids  z   100  -(  ^  linolele  acid  +  i 

linolenlc  acid  +  i   arachldonlc  acid  +  t   oleic  acid) 

Induction  Period  (8) 
Allquots  of  extract  sufficient  to  give  one  g  of  fat  were 
measured  Into  2'+A0  S- joint  iodine  flasks.   The  flasks  were 
then  placed  in  a  vacuum  oven  for  one  hovir  to  remove  the  sol- 
vent. Tank  oxygen  Instead  of  air  was  used  to  iTlng  the 
vacuum  chamber  to  atmospheric  pressure.  The  flasks  were 
removed  from  the  oven  and  stoppered  with  ground-glass  stoppers. 
The  actual  induction  periods  were  run  at  70°C.  in  a  ther- 
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r>onstatlcally  controlled  water  bath,  Kig,  1.  The  flasks 
were  Inaiersed  to  a  depth  of  i-lnch  and  held  In  position 
by  a  wooden  rack  resting  on  top  of  the  bath.  As  each 
flask  was  placed  In  the  bath  the  stopper  v/aa  replaced  by 
a  2VA0  S- Joint  manometer.  The  menometers  were  T  shaped. 
One  branch  of  the  Y  was  ordinary  glass  tubing  and  the 
other  branch  was  capillary  tubing.  Both  branches  of  the 
Y,  as  well  as  the  curved  portion  of  the  stem  were  filled 
with  mercury.  Another  small  glsss  tube  carried  a  stop- 
cock projected  vertically  fron  the  ground-glass  fitting. 
This  stop-cock  Wf:s  left  open  for  1?  minutes  after  placing 
the  flasks  in  the  bath  to  allow  the  pressure  in  the  flask 
to  come  to  equlllbritim  with  atmospheric  pressure.  While 
equilibrium  conditions  were  being  reached,  the  nanometers 
were  connected  with  the  electromagnetic  recorder  by  means 
of  insolated  copper  wires.  All  the  flasks  were  connected 
to  a  common  ground  by  neans  of  wires  immersed  deep  in 
the  mercury  of  the  capillary  branch  of  the  Y;  The  other 
branch  of  the  Y  contained  a  piece  of  copper  wire  one  cm 
in  length  so  adjusted  that  a  pressure  fall  of  10  nvm  of 
mercury  in  the  flask  caused  the  circuit  through  the 
manometer  to  break.  Each  of  these  wires  was  connected 
to  a  clock  mechanism  and  recorder.  An  ink  writing  pen 
recorded  each  circuit  on  a  roll  of  paper  once  every  hour 
as  long  as  the  circuit  was  unbroken,  A  pressure  fall  of 
10  mm  was  t-iken  as  the  inductlrn  period  and  in  this  manner 
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it  could  be  measured  to  the  nearest  hour.  A  careful  check 
on  the  atmospheric  pressure  changes  was  required  during  a 
run.  A  large  rise  In  atmospheric  pressure  would  cause  the 
Induction  period  to  be  shortened  ;ind  a  fall  In  atmospheric 
pressure  would  cause  the  Induction  period  to  be  long. 

Phospholipid  Precipitation 
An  aliquot  of  the  total  fat  was  concentrated  by 
evaporating  on  a  steam  bath  until  it  was  freed  from  solvent. 
The  fat  extract  was  then  poured  slowly  Into  a  250-ml  cent- 
rifuge bottle  containing  200  ml  cold  acetone.  The  mixture 
was  stirred  vigorously  with  a  stirring  rod  during  the  ad- 
dltlo*  of  the  fat  extract,  then  centrlfuged  until  the 
acetone  was  clear  and  the  phospholipids  were  completely 
precipitated.  The  acstone  fraction  was  decanted  into  weighed 
beakers,  the  acetone  evaporated  on  a  steam  bath  and  freed 
from  solvent  in  a  vacuum  oven.  The  neutral  fats  were 
cooled  and  weighed  in  order  to  determine  the  percentage  of 
neutral  fat.  The  fat  was  then  taken  ur  In  Skellysolve  F  to 
a  suitable  volume. 

The  precipitated  uhosrhoUplds  in  the  centrifuge  bottle 
were  taken  up  in  Skelly solve  F  to  a  suitable  volume. 
Allquots  of  this  solution  were  used  for  all  tests. 

Phosphorus  Determination  (7,12) 
An  aliquot  containing  0.10  to  0.15  g  of  fat  was  pipetted 
aeeurately  Into  phosphorus  ls;nltion  tubes.  Two  blanks  were 


r 


run  along  with  the  unknowns.  A  glass  wool  mat,  one  inch 
In  diameter,  was  added  to  each  tube  to  prevent  bouncing. 
The  glass  wool  had  been  washed  with  concentrated  sulfuric 
acid  and  then  repeatedly  with  distilled  water.   Seven- 
tenths  ml  of  concentr=ited  sulfuric  acid  was  pipetted  Into 
each  tube  and  the  tubes  placed  on  a  heating  apparatus  over- 
night. Then  one  half  ml  of  a  30  percent  solution  of  hy- 
drogen peroxide  was  added  to  each  tube.  Caution  was  exer- 
cised to  add  the  peroxide  directly  onto  the  sample  at  the 
bottom  of  the  tube  instead  of  nllowlng  the  peroxide  to 
slide  down  the  tube  wall.  The  contents  were  shaken  and 
carefully  boiled  over  a  free  flame  to  allow  the  peroxide  to 
evaporate.  The  tube  was  then  cooled  and  the  pfc-roxide  treat- 
ment was  repeated  until  the  contents  of  the  tube  became 
white  and  remained  that  way  on  further  heating.   The  tubes 
were  cooled  to  room  temperature.   Two  ml  of  distilled  water 
and  2  drops  of  phenolphthaleln  were  added  to  each  tube.  By 
means  of  a  pipette  or  burette,  enough  N/10  potassliun  hy- 
droxide solution  was  added  to  give  a  red  coloration  to  the 
Indicator.  Then  N/10  sulfuric  acid  was  added  drop  by  drop 
until  the  red  color  Just  disappeared. 

The  contents  were  then  filtered  quantitatively  into 
50-ml  volumetric  flasks  through  coarse  filter  paper.  The 
glass  wool  mat  was  pulled  out  onto  the  moistened  filter 
paper  with  a  glass  rod.  The  ignition  tube,  the  glass  rod 
and  the  wool  mat  were  then  washed  carefully  with  numerous 
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portions  of  hot  distilled  water  until  the  sample  was  diluted 
to  volume.  After  shaking,  5  ml  from  each  flask  was  trans- 
ferred by  means  of  a  pipette  to  a  25-ml  volumetric  flask. 
Then  to  each  of  the  25-ml  flasks,  0.^   ml  of  concentrated 
sulfuric  acid,  k   ml  of  raolybdate  reagent  and  2  ml  of 
sulfonic  acid  solution  were  added.  The  samples  were  shaken 
between  additions  and  diluted  to  volume  with  distilled 
water.   The  samples  were  allowed  to  stand  for  two  hours  to 
insure  complete  color  development.  The  color  Intensity 
was  read  on  an  Evelyn  colorimeter  against  a  blank  which 
was  set  at  100  percent  transmission. 

Five  standards  were  run  with  each  test.  Theyvero 
made  by  adding  0.2,  0.I+,  0.6,  0.8  and  1.0  mg  of  phosphorus 
from  a  standard  solution  Into  five  different  25-ml  volumetric 
flasks.  Then  0.5  ml  of  concentrated  sulfuric  acid,  k   ml 
of  molybdate  reagent  and  2  ml  of  sulfonic  acid  solution  were 
added.  The  samples  were  shaken  between  each  addition.  The 
contents  were  made  up  to  volume  with  distilled  water,  shaken 
well  and  read  with  the  samples. 

Standard  phosphorus  solutlon-Cxactly  0.'*39'f  c;  of  dry 
monopotassium  phosphate  was  dissolved  in  one  liter  of  water, 
A  few  drops  of  chloroform  were  added  to  prevent  formation 
of  mold.  Each  milliliter  of  this  phosphate  solution  then 
contained  0.1  mg  of  phosnhorus.  Standard  solutions  were 
made  from  this  stock  solution  by  further  dilution. 


Molybdate  reagent-Fifteen  g  of  ammonium  molybdate  was 
dissolved  In  200  ml  of  distilled  w.ter.  Two-hundred  ml  of 
N/10  sulfuric  acid  was  poured  slowly  into  ^00  ml  of  distilled 
water,  fftien  cool,  the  sulfuric  acid  solution  was  poured  into 
the  200  ml  of  molybdate  solution,  ^he  rearjent  was  stored 
in  the  dark. 

Sulfonic  acid  solution-Fofteen  g  of  anhydrous  sodium 
bisulfite  was  dissolved  in  250  ml  of  distilled  water.  Five 
tenths  g  of  dry  l-a!nino-2-naphthol-'+-sulfonic  acid  and  1.5 
g  of  anhydrous  sodium  sulfite  were  added.   Ihe  solution 
was  made  up  to  500  ml,  shaken  thorou-;hly  and  stored  in  a 
brown  bottle  in  a  cold  room  at  about  10°C. 

The  phosphorus  content  was  calculated  by  the  following 
formulas! 

kl  =  100  (2^-„l°g  SI) 

k^ 

\ 
ke 


0.2 
.  100  (2  -   loe  S2) 

0.1+ 
:  100  (2  -  log  3-^) 

0.6 
:  100  (2  -  log  Sh) 

0.8 
■  100  (2   -  log  35) 

1.0 

ki  -  k2  -  k^  -  ki+  - 

■  "^5 

P  ■  1000  (2  -  log  of  sample  reading) 
K 


where  SI,  32,  S3,  etc.  are  the  colorimeter  readings  for  the 
standards  containing  0.2,  0.1+,  0.6  mg  etc.  of  pnosphorus 
respectively,  P  equals  the  weight  of  phosphorus  in  mg. 

Choline 

An  aliquot  containing  0.2  to  0.7  g  of  fat  was  pipetted 
into  a  125-ral  Erlenmeyer  flask  and  the  solvent  evaporated. 
The  fat  sample  was  saponified  for  two  hours  at  80°C.  with 
20  ml  of  saturated  barium  hydroxide,  ^hen  the  samples  was 
neutralized  with  glacial  acetic  acid  using  phenolphthalein 
as  an  indicator.  The  neutralized  solution  was  filtered 
and  the  Insoluble  material  washed  several  times  with  small 
portions  of  distilled  water.  Ten  ml  of  2  percent  araonium 
reineckate  In  methanol  were  added.  The  samples  were  stop- 
pered and  allowed  to  remain  at  10°C.  for  12  hours  or  over- 
night to  Insure  complete  preciriltation. 

While  still  cold  the  insoluble  reineckate-chollne 
complex  was  filtered  with  suction  unto  an  asbestos  pad. 
The  asbestos  was  supported  by  a  Gooch  button  in  the  bottom 
of  a  short  stemmed  funnel.  The  precipitate  was  washed 
with  cold  95   percent  ethyl  alcohol  until  the  washings  were 
colorless.  Then  the  precipitate  was  dissolved  with  acetone 
and  collected  in  Evelyn  colorimeter  tubes.  The  asbestos 
Dad  was  washed  with  acetone  urtll  colorless.  All  samples 
were  made  up  to  a  known  volume  with  acetone  and  the  color 
Intensity  measured  on  an  Evelyn  photoelectric  colorimeter 


between  30  and  80  percent  transmission  using  a  ')15   filter. 
Standards  were  also  prepared  and  run  along  with  the  unknowns. 

A  standard  solution  of  choline  was  prepared  by  dissolving 
one  g  of  choline  In  100  ml  of  distilled  water  and  taking  a 
lO-ml  aliquot  and  making  up  to  a  liter  with  water.  The 
choline  was  weighed  rapidly  so  It  would  not  absorb  atmos- 
pheric moisture.  One  ml  of  the  standard  solution  contained 
0.1  mg  choline.  The  standard  concentrations  used  were 
0.1,  0.2,  O.**-  and  0.6  rag  of  choline. 

A  factor,  K,  was  determined  from  the  standard  res  dings: 

K  =  alcroprams  of  choline 

volume  solution  x  (2  -  log.  galvanometer  reading) 

The  formula  for  calculating  unknowns  was  : 

Micrograms  choline  «  K  x  volume  soln.  x  (2  -  log  gal.  reading) 

Ethylene  Chloride  Extraction 
The  weighed  tissue  was  cut  into  fine  pieces  and  placed 
in  a  500-ral  distilling  flask.  Enough  ethylene  chloride  was 
added  to  cover  the  tissue.  The  mouth  of  the  flask  was 
stoppered  with  a  glass  stopper  and  the  side  arm  of  the 
flask  extended  into  a  water  condenser,  "he  mixture  was 
heated  over  a  bunsen  burner  and  the  distillate  collected 
in  Erlenmeyer  flasks.   The  tissue  In  the  flask  was  kept 
covered  by  frequent  additions  of  ethylene  chloride.  The 
solvent  in  the  flask  grew  darker  in  color  as  heating  con- 
tinued. The  heating  was  continued  until  the  distillate 
was  clear,  indicating  that  all  the  wf  ter  had  been  removed 
from  the  tissue. 
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The  solvent  was  filtered  hot  through  coarse  filter 
paper  Into  250-ml  volumetric  flasks,  Tho  tissue  was 
washed  several  times  with  hot  ethylene  chloride.  When 
cooled,  the  extracted  fat  was  made  up  to  volume,  the  per- 
centage of  fat  was  calculated  by  determining  the  amount  of 
fat  In  an  aliquot  of  the  solution.  The  distilled  ethylene 
chloride  could  be  reused  by  freezing  and  removal  of  Ice 
by  filtration. 

Acid  Value 

An  aliquot  containing  0.5  g  of  fat  was  pipetted  into 
a  125-ral  Erlenmeyer  flask.  Then  5  ml  of  carefully 
neutralized  alcohol  was  added  and  the  solution  heated  to 
near  boiling.  The  sample  was  tltr-tted  with  N/100  alcoholic 
potassium  hydroxide  using  a  mloroburette  and  phenolphthaleln 
as  an  Indicator.  The  end  point  was  taken  when  the  solution 
retained  a  pink  color  for  one  minute. 

The  acid  value  of  a  fat  was  recorded  as  percentage 

of  oleic  acid  i 

ml  titration  x  normality  KOH  x  .282  x  100 
sample  weight 

Peroxide  Value  (2) 
An  aliquot  containing  0.5  g  of  fat  was  pipetted  Into 
a  125-ml  ground-glass  flask  and  10  ml  of  chloroform-acetic 
acid  solution  was  added.   Exactly  1  ml  of  a  saturated 
solution  of  potassium  iodide  was  added  from  a  pipette,  the 


flask  was  tightly  stopyered  and  sh.>.5fsn  for  exactly  1 
minute.  The  stopper  and  sides  of  the  flask  were  tlien 
washed  with  5  ml  of  distilled  water,  a  few  drops  of  starch 
Indicator  added  and  the  sample  W5S  titrated  Imraedlately 
with  N/100  thiosulfate  solution  to  a  colorless  end  point. 

Saturated  potassium  iodide-Thirty  g  of  potassium 
iodide  was  added  to  20  ml  of  distilled  water  and  shaken. 
The  saturated  solution  was  kept  in  the  dark  as  It  turns 
yellow  when  exposed  to  the  light.  If  the  solution  was 
yellow  it  was  necessary  to  rnn  a  blank  Jetermination  along 
with  the  samples. 

Chloroform-acetic  acld-One-hundred  ani   fifty  ml  of 
chloroform  was  added  to  '^00  ml  of  glacial  acetic  acid  and 
the  solution  was  mixed  well. 

N/100  thiosulfate  solution-Two  and  forty  eight  hun- 
dreths  of  a  g  of  sodium  thiosulfate  was  dissolved  in  one 
liter  of  distilled,  and  the  exact  normality  determined  by 
the  following  procedure: 

Exactly  2  ml  of  N/10  potassium  dlchromate  was  measured 
into  an  iodine  flask,  1  ml  of  concentrated  hydrochloric 
acid  and  2  ml  of  15  percent  potassium  Iodide  solution  were 
added.  The  mixture  was  immediately  titrated  to  a  greenish 
color  with  thiosulfate  solution.  Starch  indicator  was 
then  added.   Titration  was  continued  slowly  with  rccaslonal 
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^B  shaking  until  the  solution  suddenly  turned  a  clear,  bright 

^H  green. 

^H'         The  following  formulas  were  used  In  calculating  the 

^B  peroxide  valuet 

^K  Nori 


Normality  thlosulfate  r  normality  of  dlchromate 

•nl  of  thlosulfate  used 


Peroxide  number  s  ml  titration  x  V   thlo.  x  0.?  x  1000 

sample  weight 


Aldehyde  Determination 
An  aliquot  containing  0.5  g  of  fat  was  pipetted  into 
a  marked  ignition  tube.  Two  blanks  were  run  along  with 
the  unknowns.  The  solvent  was  evaporated  to  about  5  ml, 
the  amount  being  the  same  for  each  sample.  Sufficient 
special  Skellysolve  B  was  added  to  make  to  a  voluae  of 
25  ml.  To  this  solut-loc  was  added  exactly  5  ml  of  ros- 
anlllne  reagent.  Cork  stoppers  covered  arith  cellophane 
were  inserted  into  the  ignition  tubes  and  secured.  The 
tubes  were  placed  in  a  specially  constructed  wire  basket 
and  shaken  rapidly  and  In  rythran  for  two  minutes.  They 
were  then  allowed  to  stand  for  five  minutes.  Approximately 
15  ml  of  the  upper  solvent  layer  vris  transferred  to  a 
pyrex  centrifuge  tube  and  centrlfuged  for  15  minutes  at 
1500  rpm.  Approximately  13  ml  of  the  solvent  layer  was 
Carefully  transferred  to  an  Evelyn  colorimeter  tube  and 
the  transmittancy  read  at  515  mu.  The  samples  were  read 
against  a  blank  which  was  set  at  100  percent  transmission. 


Rosanlllna  reagent-Twenty  g  of  nure  roaanlllne  hydro- 
chloride was  weighed  and  placed  In  a  liter  volumetric 
flasV,  The  reagent  was  dissolved  In  approxlraately  600  ml 
of  absolute  alcohol  by  shaking  vigorously  and  then  made 
up  to  volume  v/lth  alcohol.  The  solution  ws  allowed  to 
st.nd  for  several  days  and  any  dark  sedlraent  which  nay 
have  formed  was  filtered  off.   Exactly  "jOO  ml  of  this 
clear  solution  was  tr-msferred  to  a  liter  volumetric  flask 
and  1^3  ral  of  a  0.1  mclar  aqueous  solution  of  sulfur 
dioxide  added.  This  solution  was  made  by  dissolving 
6, If  %   of  sulfur  dioxide  in  a  liter  of  distilled  water. 
7he  rosanillne  reagent  was  -nade  to  volune  ivith  distilled 
water  and  stored  in  ^lass  stoppered  bottles  in  the 
refrigerator. 

Pat  solvent-Skellysolve  B  was  purified  by  shaking 
with  125  ml  concentrated  sulfuric  acid  per  liter  of  sol- 
vent. The  acid  was  drained  off  and  the  washiiiffs  repeated 
until  the  acid  phase  was  only  slightly  yellow.   The  Skelly- 
solve  B  was  then  washed  -slth  water  several  times.  The 
solvent  was  refluxed  with  50  ral  of  a  50  percent  solution 
of  sodium  hydroxide  for  approximately  two  hours,  decanted 
and  distilled  over  50  g  of  calcium  oxide.   The  purified 
solvent  was  stored  in  the  dark. 

Sehibstead's  aldehyde  number  s  optical  density  x  10 

g  sample 


Optical  density  r  log_ 


transmission 

The  aldehyde  numbers  were  recorded  in  Conrad's  units. 
One-hundred  Schibstead  units  equal  270  Conrad's  untis. 

Organoleptic  Procedures(17) 
The  turkey  leg  obtained  from  the  frozen  carcass  was 
allowed  to  warm  to  room  temperature.  The  unskinned  legs 
were  washed  v/ith  cold  w.ter,  cleaned  and  placed  in  cas- 
seroles. One  cup  of  vrater  was  added  and  the  samples  were 
cooked,  covered,  in  a  preheated  rotary  oven  at  350  F.  for 
one  and  one  half  hours.  The  covered  casseroles  were 
removed  from  the  oven  and  allowed  to  cool  for  15   minutes. 
The  palatability  comnittee  judged  the  odor  of  the  cooked 
turkeys  vrhile  'rot   and  recorded  the  rt.  tings,  A  scale  for 
evaluations  from  1  to  10  was  used.  These  nunK-rical  values 
Ctirrled  the  ratings  of: 

10,  extremely  good 

9.  very  good 

3.  good 

7.  mediiua,  plus 

6.  medium 

5,  medium,  minus 

It.  fair 

3.  poor 

2.  very  poor 

1,  extremely  poor 


Descriptive  adjectives  suggested  to  the  judges  for 


evaluating  aroma  weret 

flat 

faint 

mild 

-nellcved 

high,  gamey 

strong 

sharp 

rich 

raw 

old 

oxidized 


bitter 

foreign 

fishy 

oily 

acid  or  sour 

3 we  it 

pronounced 

putrid 

normal 

abnormal 


REStJLTS 

Two  basal  rations  were  used,  Tables  1  and  2.  Ration 
#1  was  developed  to  elirainHte  the  more  unsaturated  fatty 
acids  from  the  diet.  Spectro'^hotometric  analysis  of 
ration  #1  indicated  that  no  llnolenic  or  arachidonic  acids 
were  present.  Ration  #2  was  a  Kansas  State  College  basal 
poultry  ration.  It  contained  3«7  percent  of  fat  which  had 
an  iodine  value  of  116. U-.  The  various  fats  used  to  supple- 
ment ration  #1  were  hydrogenated  fat,  linseed  oil,  and  the 
extract  of  alfalfa  leaf  meal,  Table  3.  The  percentage  of 
fat  and  the  iodine  value  of  the  extracts  from  these  feeds 
are  recorded  in  Table  k.     The  addition  of  linseed  oil 
produced  a  ration  with  the  highest  iodine  value  and  the 
ration  containing  hydrogenated  fat  had  the  lowest  iodine 
value. 

The  average  weight  gains  of  each  group  at  8,  16  and 
22  or  28  weeks  are  shown  in  Table  5«  Turkeys  raised  on 
basal  ration  #1  showed  more  weight  gain  at  16  weeks  than 
those  raised  on  ration  #2.  There  were  no  outstanding 
differences  in  the  rate  of  growth,  food  consumption,  or 
weight  of  birds  caused  by  the  dietary  supplements  to  either 
basal  ration.  The  turkeys  on  ration  #2  were  allowed  to 
mature  to  28  weeks  and  were  therefore  heavier  in  weight 
and  contained  more  f :  t  than  those  on  ration  #1, 
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The  length  of  the  Iriduetlon  periods  was  taken  as  a 
means  of  comparing  stability  of  the  f.-,t  extracted  from  the 
skins.  They  indicated  that  the  addition  of  ethanolanine 
or  choline  to  the  diet  produced  more  stable  skin  fat  than 
unsuppleniented  groups,  Table  5.  The  presence  of  saturated 
fat  or  carotenoids  (in  alfalfa  leaf  meal)  increased  the 
effectiveness  of  ethanolamine.  Choline  and  ethanol;  mine 
were  also  effective  v,'hen  fed  to  turkeys  kept  on  a  typical 
turkey  ration  C#2),  hovrever,  ethanolamine  wts  more  effective 
than  choline. 

Table  •+  shows  the  porcentr.ge  of  fat  extracted  from  the 
skins,  gizzards  and  livers  of  birds  in  groups  1  to  9.  The 
skin  was  highest  in  percenta.<;e  of  fat  and  the  liver  contained 
the  least  amount  of  fat.  The  percentage  of  phospholipid 
was  greatest  in  the  liver  tissue.  The  addition  of  ethanol- 
amine to  the  diet  tended  to  lower  the  percentage  of  phos- 
pholipid deposited  in  the  skin  and  gizzard.  It  was  es- 
pecially notable  that  on  a  diet  containing  one  percent 
linseed  oil,  the  gizzard  and  liver  contained  an  almost 
equal  percentage  of  phospholipid.  However,  when  the  diet 
which  contained  linseed  oil  was  supplemented  .vlth  efnanol- 
araine  or  choline,  the  percentage  of  phospholipid  fat  in 
the  gizzard  dropped  greatly,  while  there  was  a  slight 
increase  in  the  amount  of  phospholipid  f.it  in  the  liver. 

Turkeys  on  basal  ration  #2  deposited  the  highest 
percentage  of  total  fat  in  the  skin  and  the  greatest  per- 


centage  of  phospholipids  In  the  liver,  Ttible  6,  In  the 
birds  on  this  ration  the  effect  of  ethanolamine  and  choline 
on  the  amount  of  total  and  phospholipid  fats  was  slight. 

There  was  a  significant  differsnca  in  the  iojine 
values  obtained  from  the  fatj  of  the  skin,  gizzard  and 
liver  of  groups  1  to  9»  Table  k.     This  difference  was 
caused  by  the  varying  degree  of  unsaturation  of  the  diet- 
ary fqt,  There  was  no  change  in  iodine  value  caused  by 
feeding  choline  or  ethanolamine.  The  iodine  values 
obtained  for  fat  extracted  from  turkeys  In  groups  10, 
11  and  12,  Table  6,  showed  no  significant  differences. 

The  results  of  spactrophotometric  data.  Table  7, 
seemed  to  explain  how  the  foding  of  small  amounts  of 
xinsaturated  fat  or  ethanolamine  influenced  the  stability 
of  the  extracted  fat.  The  fat  extracted  from  the  skin 
tissue  of  birds  which  had  been  supplemented  with  only 
1  percent  linseed  oil,  for  example,  contained  3«9  per- 
cent llnolenlc  acid  and  1,2  percent  arachldonic  acid. 
In  comparison,  the  fat  extracted  from  the  skin  tissue  of 
birds  wMch  had  not  been  supplemented  with  linseed  oil 
contained  only  0,1  percent  llnolenlc  and  no  arachldonic 
acid.  Llnolenlc  and  arachldonic  acids  cibsorb  oxygen  more 
rapidly  than  oleic  and  llnolelc  acids  and  therefore  would 
tend  to  produce  a  more  unstable  fat. 


The  feedlrg  of  ethanolamJ ne  tencled  to  (decrease  the 
percentage  of  llnclenlc  acid  In  the  extracted  f ;  t  of  the 
sMn,  The  percentspe  of  areehldonlc  eclc'  In  the  extracted 
frts  cf  the  skin,  gizzard  and  liver  was  decreased  when 
ethanolamlne  and  choline  v.-ere  Jrxluded  in  the  diet.  The 
fat  of  the  liver  contained  no  llnolenlc  acid  and  a  rela- 
tively large  amount  of  arachldonlc  acid. 

The  supplementation  of  choline  or  ethanolanlr.e  to 
basal  ration  #2  produced  no  significant  difference  In  the 
percentage  of  fatty  acias  In  the  skin,  gizzard  ar.d  liefer, 
Table  6, 

The  acetone  soluble  and  Insoluble  fractions,  which 
contained  the  neutr'l  frts  snd  phospholipids  respectively, 
were  analyzed,  Tables  8,  9  and  IC  ,  The  Iodine  values 
of  the  neutral  futs  were  higher  than  those  of  the  phos- 
pholipids Spectro-^hotometric  analysis  showed  that  there 
was  almost  r.o  llnolenlc  acid  In  the  neutral  triglycerides, 
however,  llnolenlc  acid  was  present  In  the  phospholipids 
of  the  skin  in  the  diet  groups  which  did  rot  receive 
ethanolamlne.  The  percentage  of  srachldonlo  acid  was 
higher  in  the  phospholipid  fraction  than  in  the  neutral 
fats  of  groups  1  to  9« 

The  spectrophotornetrlc  analysis  of  the  neutral  fats 
indicated  that  the  addition  of  ethanolamlne  reduced  tha 
percentage  of  llnolelc  acid  in  the  liver,  Ethanolamlne 
also  seemed  to  change  the  ratio  of  oleic  and  saturated 
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acids  in  several  groups;  namely,  groups  2  and  7  and  groups 
h   and  5  of  the  liver  neutral  fats  and  groups  h   and  5  of 
the  gizzard  neutral  fats. 

Analysis  of  the  fatty  acid  composition  of  the  acetone 
insoluble  fraction  showed  tiiat  tiie  addition  of  ethanolaraine 
altered  the  ratio  of  oleic  and  saturated  fatty  acids  in  the 
liver  of  groups  receiving  one  percent  linseed  oil.  The 
addition  of  ethanolamlne  also  reduced  the  percentrrge  of 
linolenlc  acid  in  the  phospholipid  of  the  skin. 

Tables  11  and  12  record  the  analysis  of  the  acetone 
soluble  and  insoluble  fractions  of  the  skin,  gizzard  and 
liver  of  groups  fed  basal  ration  #2.  These  data  indicate 
that  the  addition  of  ethanolaraine  produced  little  or  no 
change  in  the  fatty  acid  composition  of  the  neutral  fats. 
In  the  phospholipid  fraction,  ethanolamlne  and  choline 
tended  to  reduce  the  percentage  of  linoleic  and  arachldonic 
acids.  There  was  no  linolenic  acid  deposited  in  the 
phospholipid  fraction  of  the  birds  on  ration  #2. 

The  results  of  other  experiments  performed  in  this 
laboratory  recently  have  indicated  that  certain  fat-soluble 
compounds  are  able  to  interfere  In  a  spectrophotoraetric 
analysis.   The  data  from  these  experiments  have  sftown  that 
some  of  the  contaminating  compounds  can  be  removed  by 
saponification  of  the  fats,  discarding  the  non-saponlfiable. 
Since  the  spectrophotoraetric  analysis  reported  in  the 
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present  study  was  done  on  the  triglycerides  and  not  on 
the  fatty  acids,  the  present  data  of  the  fatty  acid  com- 
position of  the  phospholipids  do  not  present  the  aost 
accurite  information. 

Chemical  analysis  showed  that  there  was  little 
difference  in  the  phosphorus  content  among  the  turkey 
skins  of  the  twelve  groups,  Table  I3.  Determinations 
for  choline  content  in  the  skins  were  also  performed. 
The  results  are  recorded  in  Tahlo  I3,  but  these  data  wero 
considered  inaccurate  and  did  not  Influence  tae  conclaslons 
of  this  Tvork. 

fithanolamine  and  choline  were  adninlstared  in  order 
to  observe  their  action  as  fat  stabilizers  during  cold 
storage.  Ihe  effect  of  these  supplements  on  poultry 
which  had  received  the  more  unsaturated  fats  was  of  special 
Interest. 

The  organoleptic  tests  indicated  that  after  •+  months  of 
storage  all  groups  of  turkeys  were  acceptable,  Table  1**. 
At  9  months,  the  groups  .vhich  had  received  llnsetid  oil  and 
liydrogenated  fat  but  no  supplements  of  ethanolamlne  or 
choline  were  unacceptable.  Similar  groups  which  had  been 
supplemented  with  ethanolamlne  were  still  acceptable. 
After  12  months  storage  Jnly  those  birds  in  groups  10 
and  11  (ration  #2  control  and  a  group  receiving  choline) 
were  considered  edible  by  the  palatabillty  committee.  Th« 
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groups  wMch  received  linseed  oil,  either  alone  or  with 
ethanolamlne  or  cholire  on  basal  r&tion  ,''1,   were  considered 
to  have  the  most  pronounced  oxidized  flavors. 

'"he  characteristics  of  tlie  extracted  skin  fat.  Tables 
15,  16  and  17,  of  the  stored  turkoys  indicated  that  the 
birds  wMch  had  received  ettonolaalne  were  more  stable 
than  the  unsupplemented  turkeys.  In  almost  every  case, 
the  peroxide  and  aldeliyde  values  of  the  fat  extracted  from 
the  supplemented  groups  were  lower  than  the  values  of  the 
fat  extracted  from  the  unsupplemented  groups.  These 
differences  were  greatest  after  h   aad  9  months  of  storage 
In  the  groups  which  had  been  fed  linseed  oil. 

lithanolamina  and  choline  v.-are  also  effective  when  fed 
to  birds  kept  on  a  typical  turkey  r;;tion  (basal  ration  #2), 
grain  and  grass  range,  similar  to  acttial  commerlcal  practlc*. 
However,  ethanolamlne  >vas  more  effective  tlian  choline. 
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Table  1.  Basal  ration  #1. 

Ingredients                  : 

Pounds 

Skim  milk  powder 

15.0 

Dried  brewers  yeast 

3.0 

Corn  gluten  meal 

12,0 

Corn  oil  cake 

12.0 

Ground  corn  or  sorghum 

23.0 

Gelatin 

2.0 

Soybean  meal  (solv.  extract) 

5.0 

Ground  oats 

20,0 

Limestone 

2.0 

Sodium  chloride 

0.9 

Dlcalelum  phosphate 

3.5 

3.5  !iig  vitamin  A  cone.  ,  0,6  g  tocopherol 

cone.-'-,  1.6  mg  crystalline  vitamin  D^, 

0.25  g  folic  acid  3,  0.06  g  pyridoxin, 

1  g  niacin,  50  g  choline,  10  g  manganese 

sulfate. 

Courtesy  of  Distillation  Products,  Rochester, N.I, 

2 

Courtesy  of  Du  Pont  Co. ,  Wilmington, 

Delaware 

Courtesy  of  Lederle,  Inc.,  Pearl  River,  N.Y. 
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Table  2.  Basal  ration  #2. 

Ingredients                   i 

Pounds 

Yellow  corn 

20.0 

Ground  wheat 

10.0 

Ground  oats 

10.0 

Wheat  shorts 

10.0 

Wheat  bran 

5.0 

Alfalfa  leaf  meal 

7.0 

Meat  and  bone  scraps 

20.0 

Soybean  meal 

15.0 

Ground  limestone 

2.0 

Sodium  chloride 

1.0 

150  g  Prot-A  ^,  50  g  D-see.  ,  3  g  riboflavin 

mix,  15  g  manganese  sulfate,  wheat,  corn, 

and  grass  range  ad  llbetum. 

A  coramerical  vitamin  A  concentrate. 

2 

A  commerlcal  vitamin  D  concentrate. 

.  3^ 

Table  3.  Diet 

supplements. 

Group! 

1 
: 

Supplement      t 
t 

Amount     : 
ethanol- 
amine  per  : 
100  pounds 
feed      t 

'Amount 
choline 
per  100 
pounds 
feed 

To  Basal  Katlon  #1 

grams 

grans 

1 

1%   linseed  oil 





2 

lOJJ  alfalfa  leaf 

-.- 

.— 

3 

meal 
2%   h/drogenated  fat 

_>- 

— 

If 

none 





5 

none 

100 



6 

2%   hydrogens ted  fat 

100 



7 
8 

10^  alfalfa  leaf 

meal 
1%   linseed  oil 

100 
100 

*«•• 

9 

1^  linseed  oil 

100 

50 

To  Basal  Ration  #2 

10 

none 

— 

— 

11 

none 

— 

50 

U 

none 

100 

— — 
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Fig.l.   Induction  period  apparatus. 
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DISCtTSSIOH 

Barnes,  et  al.  (1),  Overman  (15)  and  Kummerow,  et  al, 
(11)  have  recently  made  attempts  to  stabilize  animal  fats 
In  vivo.  Since  the  skin  tissue  is  most  readily  exposed 
to  oxidation  it  would  seem  that  the  stability  of  the  tur- 
keys could  be  improved  by  stimulating  the  deposition  of 
saturated  fats  in  the  skin  or  Increasing  the  amount  of 
tissue  stabilizer.  The  present  data  Indicated  that 
ethanolamine  tended  to  remove  the  unsaturated  fatty  acids. 
Although  the  exact  role  of  this  supplement  in  fat  metabo- 
lism was  not  determined,  the  results  of  the  analysis  sug- 
gested that  ethanolamine  may  have  functioned  In  two  ways: 
(1)  ethanolamine  may  have  stimulated  the  catabolism  of  the 
unsaturated  fatty  acids  thereby  leaving  the  animal  body 
with  a  higher  percentage  of  saturated  fatty  acids  or  (2), 
ethanolamine  may  have  caused  the  more  unsaturated  fatty 
acids  to  be  synthesized  into  stable  phospholipids. 

The  induction  period  data  showed  that  the  addition 
of  ethanolamine  to  the  diets  of  turkeys  had  a  very  definite 
stabilizing  effect  on  the  skin  fats,  Spectrophotoraetric 
analysis  of  the  skin  fats  extracted  from  the  turkeys  showed 
that  the  addition  of  ethanolamine  to  the  diet  reduced  the 
percentage  of  llnolenlc  and  arachidonlc  acids.  Work  recently 
carried  out  in  this  laboratory  has  substantiated  the  findings 
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of  '-^linan  and  Elmer  (10)  that  an  Increase  In  the  number 
of  double  bonds  of  a  fatty  acid  increases  its  susceptibility 
to  oxidation,  ^ure  fatty  acid  mixtures  were  combined  in 
the  same  proportions  as  those  found  In  the  extracted  fat 
of  the  skins  of  turkeys  in  groups  10,  11  and  12.  Analysis 
of  these  artifical  fatty-acid  mixtures  showed  that  when 
arachldonlc  acid  was  present  the  Induction  period  was  great- 
ly shortened.  Other  pure  fatty-acid  combinations  showed 
that  the  presence  of  linolenic  acid  also  decreased  the 
length  of  the  induction  period.  These  tests  indicated 
that  the  amount  of  linolenic  and  arachidonic  acids  present 
could  greatly  alter  the  stability  of  fats  to  oxidation. 
Turkeys  in  basal  ration  #1  which  received  hydrogenated 
fat  and  alfalfa  leaf  meal  supplemented  with  ethanolamine 
(groups  6  and  7)  had  the  longest  induction  periods,  or 
130  and  I'fS  hours,  respectively.   It  is  also  notable  tliat 
the  skin  fat  extracted  from  these  two  groups  contained  no 
linolenic  or  arachidonic  acids.  These  data  indicate  that 
ethanolamine  affected  the  stability  of  turkey  fats  by 
influencing  the  distribution  of  the  fatty  acids  in  the 
various  tissues. 

The  results  of  these  tests  also  indicated  that  ethanol- 
amine may  have  caused  the  more  unsaturated  fatty  acids  to 
be  synthesized  into  phosnhollpids  and  in  this  form  they 
would  be  more  stable.  This  is  indicated  by  the  fact  that 
lecithins  have  been  shown  to  be  fat  stabilizers  according 
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to  the  work  of  '.Vlttka  (23).  Cephalln  has  also  been  proved 
as  an  antioxidant  for  purified  fatty  acids  and  esters  by 
Oloott  and  .ViattHl  (Ik),     Since  ethanolamine  and  choline 
are  components  of  the  phospholipids,  lecithin  and  cephallni 
the  addition  of  these  supplements  to  the  turkey  rations  may 
have  Increased  tlie  amount  of  natirral  antioxidants  present. 
The  liver  and  gizzard  tissues  which  contained  the  largest 
percentage  of  phospholipids,  also  contained  a  higher  per- 
centage of  the  more  unsatiirated  fatty  acids,  especially 
arachldonlc  acid.  This  seemed  to  indicate  that  the  unsatu- 
rated fatty  acids  jiay  have  been  synthesized  into  phospho- 
lipids. SpectropUotometrlo  analysis  of  the  acetone-in- 
soluble fractions  also  showed  tae  liver  and  gizzard  tissues 
contained  a  hliher  percentage  of  arachldonlc  acid  in  the 
phospholipid  fraction.  Mo  conclusions  could  be  drawn  on 
the  phospholipid  analysis  as  the  unsaponifiable  fraction 
may  have  been  contaminated  with  carotenolds  which  may  have 
interfered  with  the  analysis  and  altered  the  spec trophoto- 
metrlc  readings  sirfficiently  to  produce  errors. 

In  agreement  with  Hllditch  (9),  the  iodine  value  does 
not  indicate  the  fatty  acid  composition  of  a  fat,  and  is 
therefore  of  little  value  in  a  study  of  fat  metabolism. 
The  loaine  values  of  the  extracted  fats  in  this  study  wer« 
relatively  constant  and  the  use  of  spectrophotometric 
methods  made  a  more  complete  fat  analysis  possible. 
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The  complex  chemical  changes  involved  in  the  oxidation 
of  fats  during  cold  storage  are  not  completely  understood. 
According  to  l-owlck  (16),  the  nature  of  these  oxidative 
changes  may  v  ry  from  one  substrate  to  another,  particulatly 
under  variable  con:litlons  of  exposure  to  he^t,  air  and  light. 
Fowlck  showed  that  rancidity  was  caused  by  the  oxidation  of 
fatty  acids  f-nd  that  the  glycerine  and  non-saponi liable 
fractions  were  not  Involved  In  this  process.  The  prssenc* 
of  heptylle  aldehyde  teis  been  suggested  by  tills  investi- 
gator to  be  responsible  for  the  rancid  odor  of  fats.  Uovi- 
ever,  the  end  product  or  products  of  oxidation  of  the 
fatty  acids  have  not  been  acclalraed  definitely.  This  ftict 
allows  for  tne  difficulty  in  measuring  rancidity  by  chemical 
means.  Vvhlte  (22)  found  tnat  the  peroxide,  Kreis  and 
aldehyde  tests  were  tne  most  reliable  cnemical  measiires  of 
rancidity.  It  is  generally  agreed  th^tt  peroxide  linkages 
are  formed  during  tne  oxidation  of  fatty  acids  and  tnere- 
fore  the  peroxide  te:5t  is  a  usual  measure  of  rancidity. 
White  has  stated,  "The  precision  of  the  aldehyde  deter- 
mination Is  poor,  but  it  possesses  the  advantage  of  deter- 
mining a  portion  of  the  material  directly  responsible  for 
the  rancid  odour  and  flavour." 

The  data  obtained  In  the  study  here  reported  seem  to 
indicate  that  ethanolamine  had  a  stabilizing  effect  on 
poultry  skin  f-its  during  cold  storage.   The  addition  of 
ethanolamine  to  the  poultry  rations  was  especially  bene- 
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flclal  when  the  birds  were  not  stored  more  than  nine  months. 
The  presence  of  small  anounts  of  highly  unsaturated  fatty 
acids  seeraed  to  bring  out  the  stabilising  Influence  of 
ethanolamlne. 

Although  a  statistical  correlation  was  not  calculated 
for  the  results  of  the  storage  tests,  there  was  general 
agreement  regarding  the  changes  In  quality  of  the  stored 
turkeys.  The  peroxide  and  aldehyde  values  Increased  during 
storage  and  the  organoleptic  r:;tlng3  showed  deterioration 
In  flavor.  It  should  be  noted  thf.t  any  Inconsistencies  In 
this  general  trend  may  have  been  due  to  the  variation 
between  turkeys  In  the  same  group.   Iccording  to  ^chrelber, 
et  al.(17),  "the  fatter  birds  of  a  supposedly  uniform  group 
show  greater  fit  oxidation  during  storage."  The  chemical 
tests  employed  In  this  study  measure  the  oxidative  changes 
which  have  occurred  In  the  fats  while  organoleptic  tests 
are  an  over-all  measure  of  quality  changes  during  storage. 
This  fact  may  account  for  the  variations  In  organoleptic 
ratings. 

The  results  of  this  experiment  point  out  the  need  for 
more  basic  knowledge  of  the  metabolism  of  fats.  More 
complete  understanding  of  the  phospholipid  composition  of 
the  fats  extracted  from  the  various  tissues  is  needed. 
Knowledge  of  fat  metabolism  could  lead  to  controlled  body 
fat  composition  and  therefore  to  greater  fat  stability. 
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SUHHABY 

The  stabilization  of  frozen  poultry  against  oxidative 
rancidity  has  been  an  economic  problem  receiving  increased 
research  interest  ?;ithln  recent  years.  The  piarpose  of 
this  project  vils   to  study  the  effect  of  certain  dietary 
variations  on  the  stability  of  frozen  turkeys  and  the 
composition  of  the  fats  extracted  from  the  skin,  gizzard 
and  liver. 

Two  basal  poultry  rations  were  used.  Ration  #1  was 
developed  to  exclude  the  highly  unsaturated  fatty  acids 
from  the  diet.  The  turkeys  on  ration  #1  were  divided  into 
nine  groups.  Seven  of  these  groups  received  fat  increments. 
Two  groups  received  2  percent  hydrogenated  fat,  tv.o  10 
percent  alfalfa  leaf  meal  and  three  1  percent  linseed  oil. 
In  each  case  one  group  was  fed  an  additional  supplement 
of  ethanolamlne.  One  of  the  groups  which  received  one 
percent  linseed  oil  received  an  additional  supplement  of 
choline.  One  group  received  only  ethanolamlne  and  another 
received  no  supplements  whatsoever.  Basal  ration  ,72  was 
a  standard  poultry  ration.  There  f;ere  three  groups  of 
turkeys  on  this  ration;  a  control,  one  group  receiving 
ethanolamlne  and  another  receiving  choline. 

Skin,  gizzard  and  liver  tissues  of  the  fresh  turkeys 
were  extracted  and  the  fats  analyzed  for  induction  period, 
iodine  value,  fatty  acid  composition,  phospholipid  per- 
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centege,  phosphorus  rercentseie  and  choline  nereertage. 
Five  of  the  turkeys  In  each  group  were  killed,  dressed 
and  stored  at  -Ib'^C.  One  turkey  In  each  group  was  ana- 
lyzed after  h,   9  snd  12  months  of  storage  for  perorlde 
value,  aldehyde  value,  acid  vclue  and  organoleptic  rating. 

The  results  of  these  tests  Indicated  that  ethanolamlne, 
fed  as  a  dlet-ry  supplement  to  growing  turkeys.  Increased 
the  stability  of  the  carcass  durlni;  storage.  There  wag 
general  agreement  among  the  results  of  the  peroxide, 
aldehyde  and  organoleptic  tests.  Choline  was  also  found 
to  staMllze  poultry  f=ts  but  not  so  much  as  ethanolamlne. 
The  results  of  the  analysis  of  the  extracted  fats  of  the 
skin,  glzrard  and  liver  Indicated  that  ethanolamlne  function- 
ed by  either  saturating  the  body  fats  or  metabolizing 
phospholipids.  The  exact  role  of  this  supplement  In  fat 
metabolism  could  not  be  determined.  This  work  pointed  out 
the  neeci  for  more  extensive  knowledge  of  fat  metabolism. 


57 


i»CKNOVfKEDGMENT 

The  author  wishes  to  express  her  sincere  appreciation 
to  Dr.  Gladys  E.  Vail,  Head,  Department  of  Foods  and 
Nutrition,  and  to  Dr.  Fred  A,  Kuiimerow,  Associate  Pro- 
fessor in  the  Department  of  Chemistry,  for  their  guidance 
throughout  the  course  of  research  and  also  to  those  fellow 
students  who  assisted  during  the  course  of  the  experiment. 


58 


BIBLIOGRAPHT 


(1)  Barnes,  R.  H. ,  W.  0.  Lundberg,  H.  T.  Hanson  and  G.  0. 
Burr.  The  effect  of  certain  dietary  ingredients  on 
the  keeping  quality  of  body  fat.  Jour,  Biol.  Chem, 
l>t9«313-322.  19^3 

(2)  Beadle,  B.  W.  and  H.  R.  Krayblll. 

The  spectrophotometric  anslysls  of  fats.  Amer.  Chem. 
Soc.  Jour.  6611232.  19Mt. 

(3)  Bloor,  W.  R. 

Biochemistry  of  the  fatty  acids.  New  York.  Relnhold. 
39p.  19'+3. 

(h)     Bradley,  T.  F.  and  David  Rictordson. 

Alkali-induced  Isomcrlzation  of  drying  oils  and  fatty 
acids.  Indus,  and  Eng.  Chem.  3l4-:237.   19'<-2. 

(5)  Crulckshank,  Ethyl  M. 

Studies  in  fat  metabolism  in  the  fowl.  Biochem.  Jour. 
28:965.  193^+ 

(6)  Enteninan,  C. ,  A.  Tanroy  and  I.  I..  Chaikoff. 
Determination  of  choline  in  phospholipids.  Jour.  Biol. 
Chem.  155:13-13.  19Mt. 

(7)  Fiske,  C.  K.  and  Y.  Subban. 

The  colorimetric  determination  of  phosphorus.  Jour. 
Biol.  Chem.  66:375-'tOO.  1925. 

(8)  French,  R.  B. ,  H.  S.  Olcott  and  fl.  A.  Wattill. 
Antioxidants  and  the  autoxidat' on  of  fats  III.  Indus, 
and  Engln.  Chem.  27:72'f-728.  1935. 

(9)  Hilditeh,  T.  P.,  E.  C.  Jones  and  A.  J.  Rhead. 

The  body  fats  of  the  hen.  Biochem.  Jour.  28:786.  193'f. 

(10)  Holman,  R.  T.  and  0.  C.  Elmer. 

The  rates  of  oxidation  of  unsaturated  fatty  acids  and 
esters.   Amer.  Oil  Chem.  Soc.  Jour.   SU-j  127-29.   19^7. 

(11)  Kumnerow,  ?.   A.,  J.  Hite  and  3.  Kloxin. 

Fat  rancidity  in  eviscerated  poultry  II.  In  press. 


59 


(12)  Kuttner,  T.  and  L.  Llchtenstein, 

Micro  colorimeter  studies  II.  Estimation  of  phosphorus! 
molybdlc  acid  stannous  chloride  reagent.  Jour,  Biol. 
Chem.  86j671-''^76.  1930. 

(13)  Mtchell,  J.  li. ,  H.  R.  Krayblll  and  F.  P.  Zschelle. 
Quantitative  spectral  analysis  of  fats,  Indus,  and 
Engln.  Chem.  Analyt.  Ed.   15«1.  19'+3. 

(11+)  Olcott,  H.  S.  and  H.  A.  Mattlll. 

Antioxidants  and  the  autoxldiution  of  fats  VII.  Amer. 
Chem.  Soc.  Jour.   58t20'+-208.  1936. 

(15)  Overman,  Andrea. 

Influence  of  some  dietary  factors  on  the  development 
of  rancidity  In  the  ft  of  the  white  rat.  Jour.  Biol, 
Chem.  l'+2j'+'i-l-M+lf.  19'4-2. 

(16)  Powlck,  VII.  C. 

Compounds  developed  In  rancid  fats  with  observations 
on  the  mechanism  of  their  formation.  Jour.  Agr.  Res. 
261323.   1923. 

(17)  Sehrelber,  '!.  L. ,  Gladys  E.  Vail,  R.  M.  Conrad  and  L, 
F.  Payne.   The  effect  of  tissue  fat  stability  on 
deterioration  of  frozen  poultry.  Poultry  Sol.  26« 
m-19.  19V7. 

(18)  Wagoner,  C.  S. ,  Gladys  E.  Vail  and  H.  "'.  Conrad. 

The  effect  of  premortal  fast  on  deterlor?  tion  of  frozen 
poultry.  Poultry  3ci.  26il67-l69.  19*17. 

(19)  Wagoner,  C.  E. ,  Gladys  E.  Vail  and  K.   '.i.   Conrad. 
The  Influence  of  preliminary  holding  conditions  on 
deterloriition  of  frozen  poultry,  -oultry  "cl. 

26j  170-172,  19'4-7. 

(20)  V'agoner,  C.  E. ,  Gladys  E.  Vail  and  R.  If.  Conrad. 

The  effect  of  degree  of  surface  exposure  on  dgterloratlon 
of  frozen  poultry.  Poultry  Sci.  26fl73-175.  I9V7. 

(21)  Wheeler,  D.  H, 

Peroxide  formaclon  a-  a  measure  of  autoxidatlon  deterio- 
ration. Oil  and  Soap.  9:89-97.  1932. 

(22)  V»Tilte,  W.  H. 

Methods  for  the  investigation  of  rancidity,  their 
interrelation  and  application  to  bacon  fat.  Canad, 
Jour.  Res.  19«278-293,  soc.  D.  I9VI. 


60 


(23)   Wlttka,  F. 

Antioxidants  and  stabilizers  for  fats.    iChem-Ztg, 
61:336-333.     1937.     Chem.  Abs.     31:5139  .     1937. 

(21+)  Yasuda,  If. 

The  determination  of  the  iodine  number  of  lipids. 
Jour.  Biol.  Chem.  9'+«'f01.  1931. 


n 


